Abstract-
I. INTRODUCTION
The more studies and developments for the internal combustion engines (ICEs) have gained momentum particularly after the late of the 1800s. Nicolaus Otto, Rudolph Diesel, Gottlieb Daimler, Karl Benz and Henry Ford contributed and gave the direction of the new developments on the automobile world between the years of 1800-1930 and also directly helped to the invention of compression ignition engine (CI) and spark ignition (SI) engine [1] . Even today, their outstanding attempts in vehicular systems still have a vital role and in use.
Currently, ICEs have been the foundation for the accomplished achievements for many industrial technologies such as the applications of power generation, military, telecommunication, agriculture, transportation, offshore drilling, marine and generator [2] . On the other hand, the popularity of ICEs and its use in nearly all sectors have caused great energy consumption and undoubtedly played a leading role of the most of the depleting fossil fuel sources [3] because ICEs have been powered by the burning of the fossil fuels and the reserves of the fossil fuels have a finite.
Today, there are nearly 380 million commercial vehicles and 1.2 billion passenger cars across the world. These vehicles and cars have gained the motion as a result of the burning of fossil fuels [4] . It is predicted that fossil fuels will completely run out in near future. That is why we need to find an alternative energy source instead of fossil fuels and decrease our dependency on fossil fuels, immediately.
Therefore, it is of great importance that the new energy source to replace fossil fuels is also in equipment with ICEs. Although many alternatives are considered in this context, biomass (bioenergy) for ICEs is the most accepted energy source. In addition, the use of biomass has the ability to be applied directly to the fuel tank without any modification on the vehicle. There are basically two methods for biomass power generation for ICEs. These are biofuels obtained with liquid-biomass and gas-biomass blends. The most preferred biomass for ICEs is ethanol (known as ethyl alcohol, the chemical representation C 2 H 5 OH) and methanol (known as methyl alcohol, the
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An Empirical Study chemical representation of CH 3 OH), respectively. The low thermal values of methanol and ethanol compared to gasoline, the low fuel values of the new fuel formed by the mixing of these alcohol species with the gasoline is also lower than the thermal value of pure gasoline. Therefore, blends of methanol-gasoline [5, 6] and ethanol-gasoline [7, 8] increase specific fuel consumption compared to pure gasoline. However, many studies conducted in the literature have proved that the new mixture causes a great deal of reduction in harmful gas emissions such as CO (carbon monoxide), HC (hydro carbon) and NO (nitrogen oxide). Therefore, the use of biomass in the fuel tank turns fossil fuels into a cleaner form of energy source.
This study mainly focused on experimentally investigation and comparing the motor performance by using various rates of ethanol and gasoline blends. Ethanol is the most popular source of renewable energy for spark ignition engines [9, 10] . On the other hand, ethanol is a pure substance and includes nearly 34.7% by weight of oxygen. Hence, the stoichiometric air-fuel ratio of ethanol is 9 and this ratio is less than the gasoline stoichiometric ratio. Also; ethanol also has a higher octane number than gasoline. As a higher octane number fuel, ethanol allows it to withstand higher compression ratios when mixed with gasoline [11, 12] . Furthermore, ethanol is a safe source of energy for the purposes of storage and transportation compared to gasoline fuels owing to the higher ignition temperature and flash point [13] . In the literature, it is possible to come across many studies focusing on engine performance effects, such as vibration and noise, exhaust Based on these literature studies, it is clearly understood that the use of ethanol and gasoline blended fuels in engines can effectively cause the lower the harmful exhaust gas emissions without any modifications in the vehicular systems and fuel tank as well. According to the Turkish Official Gazette no. 30098, come into force on 1 January 2018, the blending of biodiesel with ethanol produced from domestic agricultural products or vegetable waste oils at least 3% and at least 0.5% in the engine has been made compulsory [4] . In the future, it is thought that the amount of ethanol blended into gasoline and diesel will also be increased due to the negative effects of fossil fuels on the environment and human health, the decrease in the reserves of fossil fuels and the increasing oil prices.
II. MATERIAL & METHOD
In this study, we experimentally investigated the effects of the engine performance and harmful exhaust gas emission of ethanol-gasoline blended fuels at different engine speeds and under full load. The ethanol and gasoline were blended by 0% (E0=pure gasoline), 10% (E10) and 20% (E20) volumetrically. The properties of commercial gasoline and ethanol are given in Table 1 . A schematic view of the experimental setup is seen in Fig. 1 . The experiments for each fuel type were performed at the same operating conditions. In the experiment part of this study, we used the single cylinder, 4-stroke and aircooled, HONDA GX390 engine and a 15 kW power absorbable electric dynamometer.
In the experimental section of this study, we used the single cylinder, 4-stroke and air-cooled, HONDA GX390 engine and a 15 kW power absorbable electric dynamometer. Technical specifications of the engine are shown in Table 2 . Additionally, the vibration data of the system were obtained by a data acquisition device capable To obtain the torque values of the system, KiTorq
System is used in this study and this system has a torque measuring flange system consisting of the Kistler Type 4550A. The technical specification of the torque measurement device is given in Table 4 . In this study, harmful exhaust gas emission values were measured for all experiments and variables. Fort his measurement, the exhaust gas emissions were determined by K Test emission measuring device and the technical specification of this device are given in Table 5 . As is known, torque is the ability potential of the engine to work. In ICEs, the internal filling ratio is low and the torque value is less because the filling ratio is low and insufficient at high speeds. Therefore, the most efficient operating conditions are obtained at medium speeds [29] . Power and torque changes depending on the engine speed for all fuel blends are given in Figure 2 . As shown in figure x, the engine power and torque values of the ethanol-containing fuels are lower in all cycles compared to gasoline alone. This is due to the fact that ethanol-containing fuels have a lower thermal value than gasoline, as shown in Table 1 . Thus, during the combustion of ethanol-containing fuels, less energy is generated at the engine's operating time [30] . According to the experimental results, the maximum motor torque for all fuels reached a maximum value at 2500 rpm. (Table 1) . As the ethanol content in the fuel mixtures increases, the energy amount of the fuel mixtures decreases and the engine consumes more fuel in order to provide the same power under the same operating conditions. As shown in Fig. 3 , the minimum specific fuel consumption for all fuel mixtures is around the maximum torque cycle.
In ICEs, the speed range in which the highest engine torque is obtained is accepted to be the most efficient operating
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range. In this range, the high volumetric and combustion efficiency reduces specific fuel consumption and increases engine torque [29] . However, the specific fuel consumption for all fuel blends increases at low and high engine speeds.
As the engine generates less power at low speeds, the specific fuel consumption increases for all fuels due to increased frictional forces and reduced volumetric efficiency at high speeds. combustion. In addition, the high oxygen content of ethanol also leads to a decrease in CO emissions by increasing the combustion quality [33] . At high engine speeds, the air fuel mixture improves combustion as a better homogeneity due to increased turbulence. Therefore, CO emissions tend to decrease at high speeds. Moreover, having a higher combustion rate of ethanol-containing fuels contributed to the full realization of combustion, thus lowering CO emissions [34] . Figure Furthermore, in the combustion process of ethanolcontaining fuels, the air-fuel ratio is closer to the stoichiometric value, increasing the flame temperature and increasing NOx emissions. Additionally, Figure 4d shows the effects of fuel blends on CO 2 emissions depending on the engine speed. As the amount of ethanol in the mixture increased, CO 2 emissions also increased. Theoretically, only water (H 2 O) and carbon dioxide (CO 2 ) should be produced in the ideal conditions by combustion of hydrocarbon fuel [35] . The main reason for this case is the use of more oxygen-containing fuel to obtain the same output power [36] . More CO 2 emissions have been produced due to combustion with ethanol-containing fuels [37] . The increase at engine speed and the increase in CO 2 emissions indicate that combustion is high for all fuels at high speeds. Obtaining more CO 2 emissions with ethanolcontaining fuels is due to the fact that O 2 in ethanolcontaining fuels reacts with unburned carbon atoms during combustion to increase CO 2 formation. A greater amount of CO 2 in exhaust emissions indicates the complete burning of the fuel [36] . Additionally, the vibration values and engine noise level were calculated according to the data obtained for all fuels depending on engine speed are given in Fig. 6 .
As a result of the experiments, the smallest acceleration
values obtained by E0 fuel were obtained by E20 fuel. Due to the high oxygen content of ethanol-containing fuel blends, the reaction rate of combustion increases and higher flame speeds are reached. This increases the incylinder pressure increase rate (dp/dt). Moreover, the higher latent heat of evaporation of ethanol increases the volumetric efficiency of the engine by cooling the air entering the engine. This can increase the pressure increase rate and maximum pressure in the cylinder dp/dt. Ethanolcontaining fuels increase the in-cylinder pressure increase and pressure for the cylinder increased engine vibration and noise levels. 
